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wherein 

X and Y are the same or different and are hy- 
drogen. OR'. SR'. NRW or NHacyl where R' and 
R* are the same or different and are hydrogen, 
lower alkyi of I to 7 cartxin atoms, aralkyi, or acyl 

NHacyl is alkanoyi or aroylamlde; 

R^ and W are the same or different and are hy- 
drogen* acyl or aroyl. 
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2'-FUJORO>ARABINQFURANO$YL PURINE NUCLEOSIDES 



BACKGROUND 

This, invention relates to novei purine 
nucleosides containing the 2'-<jeoxy-2'-fluoro-i3-D- 5 
arabinofuranosyl moiety and potentially useful as 
antiparasitic agents, especially against Leishmania 
tropica. 

The invention described herein was made in 
the course of investigation under grants from the w 
U.S. Department of Heatth and Human Services. 

The synthesis of 9-(2'-deoxy-2'-fluoro-^-D-ar- 
abinofuranosyl) adenine was reported from our lab* 
oratory as an analog of the antitumor and antiviral 
naturally-occuning nucleoside 9-<^-P-ar- 15 
abinofuranosyl) adenine (ara-A) (Wright et al„ J. 
Org. Chem., 21. 2632 (1969)). The synthesis con- 
sists of a multistep preparation of a 2-deoxy-2- 
fluoro-D-arabinofuranose derivative from D-xyiose« 
and the 2-fluoro sugar is condensed with 2,6Klich* 20 
lorpurine by the fusion method, followed by mul- 
tistep conversion of the purine into adenine. 

Subsequently. K2'-deoxy-2'-fluoro-/9-D- 
arabino-furanosyl)cytoslne (FAC) was synthesized 
In our lat)oratory by condensation of an appropriate 25 
sugar halide and cytosine by the silyl procedure, 
and FAC was evaluated for its anitumor activity - 
(Wilson et al.. J. Med. Chem.. ji 389 (1970)). FAC 
was found to have a growth-inhibitory effect com- 
parable with that of l-(^-D-arabinofuranosyl)cytosine 30 



(ara-C) and l-(i9-D-arabinofuranosyl)-5- 
fluorocytosine (ara-FC) against L-1210 mouse 
leukemic cells in tissue culture. 

We have since developed a more elegant and 
effective method for preparation of the 2-fliJoro- 
arabinose from D-glucose (Reichman et al.. Car- 
bohyd. Res.. ^ 233 (1975)) and prepared a num- 
ber of 5-substituted-uracil and -cytosine 
nucleosides as potential antiviral and/or anticancer 
agents (Lopez et. al.. U.S. Patent 4,171,429 (1979)). 
Many pyrimidine nucleosides containing the 2'- 
fluoro->S-D-arabinofuranosyi moiety showed excel- 
lent antiherpesvirus activity (Fox et al.. 
"Herpesvirus. Clinical, Pharmocological and Basic 
Aspects" Shiota et al.. eds; Excerpta Media: Am- 
sterdam, 1982; p. 135) and some showed good 
antitumor activity (Burchenal et al., Cancer Res., 
42, 2598 (1982)). 

No purine nucleoside containing the 2'-f)uoro- 
/9-D-arabinofuranosyl moiety has been reported ex- 
cept the adenine nucleoside synthesized in our 
laboratory (Wright et al., lag. dt), and no biologi- 
cal activity of the adenine nuclioside has been 
reported. 



SUMMARY 

Nucleosides of the invention can be repre- 
sented by Formula I, as follows: 



R-O 




wherein 



so 



X and Y are the same or different and are hy- 
drogen. OR* (keto or enol), SR», NRW. 

NH acyi or halogen such as chloride or bromine; 



R' and R' are the same or different and are hy- 
drogen, lower alkyi of i to 7 caxbon atoms such as 
methyl, ethyl, propyl and the like, aralkyi such as 
benzyl, benzhydryl, p-methoxyl)enzyl and the like, 
or aryl such as phenyl, p-ch(orophenyl. toluyl. p- 
metfioxy-phenyl, naphtyl and the like. 



3 



3 



0 219 829 



4 



NHacyl may be an aikanoyi or aroyi amide. The 
term "aikanoyi" is meant to include an alkyi car- 
bonyl radical wherein alkyI 1$ a straight or branched 
chain saturated or unsaturated hydrocarbon radical 
having from 1 to 20 carbon atoms. 

and are the same or different hydrogen or 
acyl groups which may be aikanoyi groups of I to 
20 carbon atoms such as formyl, acetyl, propionyl, 
isopropionyl, butyryl. isobutyryl, tert -butyryl, 
valeryl, pivaloyl. caproyl. capryl. lauryl, myristyl. 
paimityl. stearyl, arachidyl, stilltgyl, palmitoleyi. 
oteyl. linolenyl. arachidonyl and the like. and R' 



10 



can also be aroyI such as benzoyl and naphtoyi 
wherein the aromatic group may be additionally 
substituted by alkyl. alkoxy, halo or nitro moieties 
such as p*toluoyl, p-anisoyl. p-chlorobezoyl. p- 
nitrobenzoyl or 2,4-dinitrobenzoyI and the fike. 
may also be adamantoyl. 



DESCRIPTION 

The preferred starting material for the process 
of the present invention can be subsumed under 
general Formula II as follows: 




3L 



R^ and R' are as defined previously. 

R is chlorine, bromine or acetoxy. 

The synthesis of Fomnula It compounds has tseen 



30 



reported by us (Reichman et al., loc. dt). 

The starting materials of Formula 11 are reacted 
with a nucleophile of general Fbmiula 111. 




wherein 

and are the same or different and are hy- 
drogen. OR' (keto or enol), SR'. NRW, halogen 
such as chlorine or bromine or silylated nacyl; 

R' and R' are the same or different and are hy- 
drogen. trisubstHuted-silyl. lower alkyl of 1 to 7 
cart)on atoms such as methyl, ethyl, propyl arvj the 
Gke, aralkyi such as benzyl, benzhydryl, p-methox- 
yt)enzyl and the like, or aryl such as phenyl, p- 
chlorophenyl, tohiyl, p-methoxyphenyl, naphtyl and 
tiieGke. 



m 

Silylated N aryl Is an aikanoyi or aroyl amide in 
which the dissociable amide proton is substituted 
by a trisubstltutBd-silyl group. 

TrI-substituted-silyl may be trimethyl-. triethyl-. 
tripropyi*, trHsopropyl-, tributyh, tert-butvl- 
cfimethyKetramethylene-isopropyi-. tetramethylene- 
tert-butvl-. tribenzyl-, or phenyldlmethyhor the like. 

Z is hydrogen, tri-substituted-silyl or heavy metal 
derivative such as chloromercuri. bromomercuri. 
acetoxymercuri or the Gke. 

The reaction is carried out in an appropriate 
solvent such as halogenated hydrocarbon (e.g.. 
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methylene chloride, chloroform. 1,2-dichloroethane, 
etc.), aromatic hydrocarbon (benzene, toluene, xy- 
lene, etc.). carboxylic acid derivatives such as 
ethyl, acetate, acetonitrile or N.N-dimethylfor- 
mamide with or without drying agents (e.g., Dnerite 
or molecular sieves) at a temperature range of from 
25*C to 200*^0 in a period of from one hour to ten 
days. 

The molar ratio of the reactants. Formula II to 
Formula III. can be 1 : 10, preferably 1:3. 

Upon completion of the reaction, the mixture is 
filtered and the filtrate condensed jn vacuo . When a 
heavy metal derivative is used, the residue is redis- 
sotved in halogenated hydrocart)on solvent - 
(preferably chloroform) and the solution washed 
successively with 30 % potassium iodide sulution 
and water, dried over sodium sulfate, magnesium 
sulfate or calduni chloride and re^aporated to 
dryness in vacuo . 

3',5'-Di-0-acyl nucleosides (Formula I) can be 
obtained in pure condition either by direct cry- 
stallization of the residue from various solvents 
such as alkanoi preferably ettianol or methanol, or 
solvent systems such as aikanol-dialkyl ether or 
petroleum ether, preferably ethanol-diethyl ether, or 
by chromatography over a column of silica gel 
using various solvent systems preferably 
chlorofonm-methanol (40:1 v/v) as the eluent. 

The free nucleoside of Formula I wherein 
and are hydrogen, is obtained by either saponi- 
fication of the 3'. 5'-di-0-acyl intermdiate with alkali 
metal alkoxide in alkanoyi preferably 0.01 to 0.1 M 
sodium methoxide in methanol, or when X is not 
SH. SR or halogen by treatment of the 3',5'-pro- 
tected nucleoside with amine-alkanoi mixture pref- 
erably K) % to 30 % methanolic ammonia at a 
temperature between -10*C and lOO'^C. preferably 
IO*C to 30*C for five minutes to three days. 

The free nucleoside of Formula 1 wherein X is 
haksgen (CI or Br) and and R' are hydrogen, is 
prepared from the con-esponding 3',5'-di-0-al- 
kanoyi intenmediate (Formula I wherein X is Ci or 
Br and R' ^d are the same or different lower 
alicanoyl groups such as acetyl, propionyi. butyryl 
and the tike) by treatment with mineral acid in 
water or aDcanoyI preferably 5 % to 15 % hydrogen 
chloride in methanol. 

Formula I 6-thiopurine nucleosides wherein X is 
SH are obtained by thiation of a Formula I 3',5'-di' 
0-acyl nucleosides wherein X is OH with phos- 
phorus pentasulfide (P,S,) or Lawson's reagent - 
(2,4-bis(4-methoxyphenyl)-1,3-dithia-2.4- 
diphosphetane-2.4-disulfide in dioxane or in pyr- 
idine at reflux temperature for a period of ten 
minutes to 24 hours. The molar ratio with respect 
to the thiating reagent is from 1:0.5 to 1:1. The free 
6-thiopurine nucleosides are obtained by saponin 
fication as descrit>ed previously. The 6-thiopurine 



nucleosides can also be obtained from the cor- 
responding 6-halopurine nucleosides by treatment 
with thiourea to form the corresponding thiuronium 
salts followed by acid hydrolysis. The 2-thiopurine 

5 nucleosides of Formula 1 (Y is SH) can be obtained 
from the corresponding 2-halopurine nucleosides 
by treatment with thiourea followed by acid hy- 
drolysis of the intermedial (intermediate?) 
thiuronium salts). 

70 6-Alkylmercapto-or 6-araikytmercaptopurine 
nucleosides wherein X is SR. is obtained by treat- 
ment of the free 6-thiopurine nucleosides (Formula 
I, X - SH. R' = R» = H) with alkyl or aralkyi 
halide or dialkyi sulfate in water or alkanoi in the 

75 presence of alkali metal hydroxide or carbonate or 
alkalimetai alkoxide, preferably 1.0 to 1.2 equivalents 
of sodium hydroxide in water or 1.0 to 1.2 equiv- 
alents of sodium methoxide in methanol. Alkyl ha- 
lide designates bromide or iodide of lower alkyl of I 

20 to 5 carbon atoms such as methyl, ethyl, propyl, 
isopropyl. tert-butvL pentyl and the like. Aralkyi 
halide includes chloride or bromide of t>enzyl, p- 
chlorobenzyl. p-methylbenzyl. p-melhoxyl)enzyl. p- 
nitrbbenzyl, o-nitrobenzyl and the like. 

25 6-Amino-substituted nucleosides (Formula I, R\ 

R» = H. X a NRW wherein R" and R* may be the 
same or different groups such as H, alkyl, aralkyi 
or aryl as defined previously) are also obtained 
from 6-thio nucleosides (Formula I. X = SH. R\ R* 

30 s H), 6-alkyl-or aralkyi mercapto nucleosides 
(Formula I, X « SR, R\ R" » H). 6-hak> 
nudeosktes (Formula t. X s CI or Br. R\ R' = H) 
or their 3'.5'-di-Oand analgs (Formula I, X = SH, 
SR, CI or Br and R' and R' are the same or 

35 different alkanoyi or aroyi groups) by treatment 
with the corresponding amine Oncluding ammonia) 
in water or alkanoi (preferably mettianol) at a tem- 
perature range of 0*C to I60"C, under a pressure 
range from I to 5 atmos. 

40 6-Hydroxy-substituted nucleosides (Formula I 

wherein X is OH) are prepared by acid hydrolysis 
of 6-amino-, 6-thlo-or 6-sut>stituted-thk> nucleosides 
(Formula 1. X « NR'R*. SH or SR). or by base 
hydrolysis of 6*halo-nucleosides (Formula 1, X = CI 

45 or Br). 

5'-0-Alkanoyl nucleosides (Formula I, R' = 
alkanoyi group of 4 to 20 csibon atoms, R*. X and 
Y are as defined for Formula I) are obtained by 
treatment of the corresponding free nucleoside or 

so the H CI salt (i^ the nucleoside contains amino 
group) with l.i equivalents of alkanoyi halide in N,N- 
dimethyl formamlde or N,N-dimethyl acetamide at 
a temperature range of 0*C to 100 "C preferably at 
room temperature for a period of one to 72 hours. 

55 Alkanoyi halide includes chloride or bromide of 
saturated or unsaturated fatty add containing 4 to 
20 carbon atoms such as r>-butyric, isobutyric. n- 
valeric, isovaleric, caproic, capric, lauric, myristic. 
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palmilric, stearic, aractidic, stilligic, palmitoleic, 
oleic, iinolenic or arachidonic acid and the like. 

After completion of the reaction, the nr^ixture is 
concentrated in vacuo and the residue is thor- 
oughly triturated first with ether, preferably diethyl 
ether, and then by i-2 N sodium bicarbonate solu- 
tion. These residue is crystallized from an appro- 
priate all^anol such as methanol, ethanol, propanol 
and the like from an alkanoic acid ester such as 
ethyl acetate, methyl propionate and the like or a 
mixture of such solvents. 

5'-0-Aroyl nucleosides (Formula I. R' = aroy! 
such as benzoyl, toluoyi, p-chlorobenzoyl, p- 
nltrobenzoyl. anisoyl. naphtoyl. and the like; R' = 
H; X and Y are as defined for Formula I) and 5'-0- 
adamantoyl nucleoside (Formula I, R' = adaman- 
toyl; R' = H; X and Y are as defined for Formula 
I) are also prepared by a similar manner from the 
coHBspondlng free nucleosides or the HCl salt (if 
the nucleoside contains amino group) by treatment 
with 1^ to 4 equivalents of the corresponding add 
halides. 

The free nucleoside (Formula I wherein X 
and/or Y are amino, monosubstituted amino, or 
disut>stituted amino group(s) forms acid addition 
salts with both organic and inorganic acids. Prefer- 
ably, acid addition salts are the pharmaceutically 
acceptable acid addition. Non-pharmaceutically ac- 
ceptable (Pharmaceutically unacceptable?) add ad- 
dition salts can be converted to the pharmaceuti- 
caQy (pharmacok)gically?) acceptable adds addi- 
tion salts by ion-exchange techniques, well known 
in the art Examples of pharmaceutically acceptable 
add addition salts indude hydrochloric add, 
hydrobromtc add, sulfuric add, phosphoric add, 
citric add, tartaric acid, acetic add, gluconic add 
and the like. 

The free nudeosides (Formula I) and their add 
addition salts are useful therapeutic agents exhibit- 
ing antiparasitic and/or anticancer acthnty. They 
may be employed in the form of pharmaceutical 
preparations which contain them in assodation witii 
a comparable phanmaceutical carrier, whkii can be 
an organic or Inorganic Inert carrier material, suit- 
able for enteral or pairenteral administration. Bcanr>- 
pies of such carrier material wouki indude water, 
gelatin, gum arabic, lactose, starches, magnesium 
stearate, talc, vegetable oils, polyafkylene glycols, 
petroleum jelly, etc. The pharmaceutical prepara- 
tions can be made up in soHd fonm (e^., as tablets, 
dragees or capsules) or In liquid form (e.g.. as 
solution, suspensions or emulsions). The prepara- 
tions may t>e sterilized and/or may contain ad- 
juvants such as preserving, stabiQzing, wetting or 
emulsifying agents, salts for varying the osmotic 
pressure or buffers. Such preparations may also 
contain other therapeutic agents. 



The following are intended to further illustrate 
the inventions without limiting same. 



5 EXAMPLE 1 

A mixture of 3-0-acetyl-l)en2oyl-2-deoxy-2- 
fluoro-D-arablnofuranosyl bromide (903 mg, 2.5 
mmoi), N*-benzoyladenine (1.48 g. 6.2 mmoi) and 

70 molecular sieves (4 A, 3 g) in methylene chloride - 
(25 ml) is refluxed for three days with vigorous 
stimng. After cooling to room temperature, the mix- 
ture is filtered through a Celite pad. The filtrate 
which contains two major products (Rf = 0.08 and 

75 0.99 on a silica gel thin-layer plate, 9:1 methylene 
chloride -methanol) is concentrated vn vacuo arKi 
the residue is chromatrographed over a silica gel 
column using 20:1 methylene chloride -methanol 
and 9-(3'-0-acetyl-5'-0-benzoyl-2'-deoxy-2'-fluoro- 

20 /9-D-arabinofuranosyl)-N*-benzoyl adenine (440 mg. 
34 %) is obtained as a foam from tiie stower 
moving major fraction. 

Ania. Gated for CmH»FNsO«: C. 60.12; H, 4,24; 
F, 3.66: N, 13.49. Found: C, 59,23; H, 4.48: F, 3.68; 

25 N. 13.13. 

By following the same procedure but using the 
corresponding purine analogs as starting materials, 
the fbltowing compounds are also prepared: 

30 9-(3'-0-acetyl-5'-0-benzoyl-2'-deoxy-2'-deoxy-2'- 
fluoro-^-D-8rablnofuranosyl)-IM*«acetyladine. 

9-(3'-Oacetyl-5'-0-benzoyl-2'-deoxy-2'-fluoro-i3-l> 
arablnofuranosyl)-N*-benzoyl-2-chk)roadenine. 

35 

9-(3'-0-acetyl-5'-0-l>enzoyI-2'-deoxy-2'-fluoro-)5-D- 
arabinofuranosyl)-N*-acetyl-2-chloroadenine. 

9-(3'-Oacetyl-5'-0-ben2oyl-2'-deoxy-2'-fluoro-^-D- 
40 arabinofuranosyl)N*-benzoyi-2-bromoddenine. 

9-(3'-0-acetyl-5'-0-benzoyl-2'-deoxy-2'-fluoro-^-D- 
arablnofuranosyi)-N*-acetyl-2-bromoadenine. 

45 

EXAMPLE 2 

A mixture of mercury salt of 2-acetamide-6- 
chloropurine (83g, 2 mmoi) (Acton and Iwamato, 

50 Synth Proc. Nudek: Add Chem^ f, 25 (1968)) and 
Create (4.0g) in xylene (400 ml) is dried by distilling 
of - 200 ml of xylerte. The suspension is cooled to 
room temperature and to it is added a solution of 
3-0-acetyl-5-0-benzoyl-2-deoxy-2-fluoro-D- 

55 arablnofuranosyl bromlcfe (7.2 g, 20 mmoi) in xy- 
lene (80 ml). The mixture is heated with stirring for 
15 hours at reflux temperature and filtered hot The 
filtrate is concentrated in vacuo and the residue 
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dissolved in chloroform (200 ml). The solution is 
washed successively with 30% potassium iodide 
solution (80 ml » 2) and water 100 ml * 2), dried, 
evaporated, and the residue chromatographed on a 
silica gel column using 30:1 chloroform -methanol 
as the eluent. The major nucleoside fraction is 
concentrated in vacuo and the residue is crystal- 
lized twice from ethanol to afford 9-(3'-Oacetyl-5'- 
0-ben2oyl-2f-deoxy-2'-fluoro-i5-D-arabinofuranosyl)- 
2-acetamodi-6-chloropurine (1.65 g. 17 %), mp 154 - 
I56» C. 

Anal. Calc for C«HXIFN,0.: Cm 51.27; H. 3.87; 
CI. 7.22; F. 3.87; N, 14.24. Found: C. 51.12: H. 4.15; 
CI. 7.33; F. 3.87; N. 14.67. 

By following the same procedure but using 
mercury salt of corresponding purine analogs as 
starting materials, the following compounds are 
also prepared: 

9-{3'-O-ac0tyl-5'-O-benzoyl-2'-deoxy-2'-fluoro- 
^•D-araUnofuranosyl)-2-acetamidopurine 

9-(3'-0-acetyl-5'-0-ben2oyl-2'-deoxy-2'-fluoro-^-D- 
arablnofuranosyl>-2-acetamtdo-6-bromopurine 

9-(3'-0-acetyl-5'-0-ben2oyl-2'-deoxy-2'-fIuoro-)3-D- 
arabinofuranosyl)-6-chloropurine. 

9-(3-0-acetyl-5'-0-benzoyl-2'-deoxy-2'-fluoro-i3-D- 
arabtnofurano$yl)-6-bromopurine 



EXAMPLES 

A mixture of 9-(3'-Oacetyl-5'-0-bNenzoyl-2'- 
deoxy-2'-fluoro-^-D-arabi nofuranosy l)-2-acetamido- 
&chloropurine (1.5 g. 3.05 mmol) and thiourea (i^ 
g, 20 mmol) in ethanol (20 ml) is heated at reflux 
for 18 hours. After coofing. the mixture is filtered, 
the filtrate concentrated in vacuo , and the residue 
chromatographed on a silica gel column using 30:1 
chloroformmethanol as the eluent The major 
nudeoside-containing fractions are collected, evap- 
orated in vacuo, and the residue crystallized from 
ethanol to give 9-(3'-Oacetyl-5'-C)-benzoyl-2'- 
deoxy-2'-fluoro-i9-D-arabinofurano$yl)-2-acetamido- 
6-thiopurine (250 mg). mp 136-I39»C. 

Anal. Galcd for C„H«fN.O.S: C, 51^: H, 4.09; 
F, 3.89; N. 14.31; S. 6.54, Found: C. 51.34; H, 4.31; F. 
3.97; N. 14.94; S. 6.55. 

By following the same procedure but using the 
corresponding 6-chloropurine nucleosides as start- 
ing materials, the following 6-thiopurine nucleosides 
are prepared: 

9-(3'-Oacetyl-5'-0-benzoyl-2'-deoxy-2'-fii«>ro-)?-D- 
8rabinofurano$yl)-6-thiopurine. 

9-(3'-0-acetyl-5'-0-benzoyl-2'-deoxy-2'-fluoro-^-D- 



arabinofuranosyl)-2*methoxy-6-thiopurine. 

9-(3'-0-acetamido-5'-0-ben2oyl-2'-deoxy-2'-fluoro- 
^-[>arabinofuranosyi>-2-fc)enzamido-6-thlopurine. 

5 

EXAMPLE 4 

9-(3'-0-acetyl-5'-Obenzoyl-2'-deoxy-2'-fluoro- 

10 ;9-D-arabinofuranosyl)-2-acetamid6-6-thiopurine (190 
mg, 0.39 mmol) is dissolved in I M methanolic 
sodium methoxide (6.5 ml) and the mixture is heat- 
ed at reflux temperature for three hours. After cool- 
ing to room temperature, the mixture ist neutralized 

IS with Dowex 50 (H*). filtered, and the filtrate con- 
centrated In vacuo . 9-(2'-deoxy-2'-fluoro-^-l>ar- 
abinofuranosyl)-2-amino-6-thiopurine is obtained as 
colorless crystals upon trituration of the residue 
with ethanol, (74 mg). mp 244 -245'C (dec). 

20 Anal. Calcd for C«H«FNsO,S: C. 39.87; H. 3.99; 
F. 6.31; N. 23.26: S. 10.63. Found: 39.75; H. 4.07; F, 
6.14; N, 23.16; S, 10.41. 

By following the same procedure but using the 
corresponding protected nucleosides as starting 

2S materials, the following nucleosides are prepared: 

9-{2'-deoxy-2'-fluoro-i9-D-arat)inofuranosyl>-2,4- 
diamimopurine. 

30 9-(2'-deoxy2'-fluoro-^-D-arabinofuranosyl)-2- 
aminopurine. 

9-(2'-deoxy-2'-fluoro-^-D-arabinofuranosyl)- 
guanine. 9-(2'-deoxy-2'-fluoro-i5-D-ar- 
05 abinofuranosyl)-8-thiopurine. 

9-(2'-deoxy-2'-fluoro-^D-arabinofuranosyl)-6- 
methoxypurtne 

40 9^2'-deoxy-2'-fluoro-^D-arabinofuranosyl)-2- 
methoxy-6-thiopurine. 



EXAMPLE 6 

45 

To a solution of 9-(2'-deoxy-2'-fluoro-^D-ar- 
abinofuranosyl)adenine (140 mg, 0.52 mmol) in 50 
% aqueous acetic add (8 ml) is added sodium 
nitrits (100 mg) in four portions at every 12 hours, 

50 and the reaction is followed by thin layer 
chromatography on silica gel plates (13:4:1 
ethylacetate-isopropanol-water). After all the start- 
ing materia] is consumed, the mixture is passed 
through a Dowex 50 (H*) column (5 " 0.5 cm). The 

55 column is v/ashed with water. The major 
nucieoside-containing fractions are collected and 
lyophilized to afford 9-(2'-deoxy-2'-fluoro-^-D-ar- 
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abinofuranosyl)hypoxanthin (35 mg) as a colorless 
fluffy solid. 

Anal. Calcd for C.oHnFN.O. -H,0: C, 41.67; H, 
4.51; F. 6.60; N, 19.44. Found: C. 41,84; H, 422: F, 
6.76; N. ©.81. 

By following the same procedure but using the 
corresponding adenine nucleosides, the following 
compounds are also prepared: 

9-(2'-d0Oxy-2'-fluoro-i8-D-arabinofuranosyl)-2- 
chiorohypoxanthine 

9-(2'-deoxy-2'-fluoro-i8-D-arabinofuranosyl)-2- 
methoxyhypoxanthine 

9-{2'-deoxy-2'-fluoro-/3-D-arablnofuranosyl)-2- 
methytthiohypoxanthine. 



EXAMPLE 6 

A mixture of 9-(2'-deoxy-2'-fluoro-i8-D-ar- 
abinofuranosyi)-6-thiopurine (136 mg, 0.48 mmol) 
and methyl iodide (141 mg, 1.0 mmol) in 0.2 N 
sodium hydroxide (2.5 ml) is stirred at room tem- 
perature for 2 hours. After concentration of ttie 
mixture in vacuo the residue is triturated with ac- 
etone (2 ml). 9-(2'-deoxy-2'-fluoro-/8-D-ar- 
abinofuranosyl)^methylthiopurlne is obtained In its 
pure state by recrystalBzation of the acetone In- 
soluble solid from ethanol (.67 mg)» mp 152 -152-C. 

Anal. Calcd for CmHoFN^OsS: C, 44.00; H, 4.33; 
mF, 6.33; N, 18.67; S, 10.67. Found: C, 43^; H, 
4.40: F, 6.53; N. 18.52; S, 10.80. 

By following the same procedure but using the 
corresponding 6-thiopurine nucleosides, the follow- 
ing 6-methylthioderivatives are also prepared: 

9-(2'-deoxy-2'-fiuoro-i9-D-arabtnofijranosyl)*2- 
amino-6-methytthiopurine 

9^2'-deoxy-2'-fiuoro-i9-D-arablnofuranosyl)-2- 
methoxy-6-methylthiopurine. 



EXAMPLE 7 

A mbrture of 9-(3'-O-acetyl-5'-O-ben20yl-2'- 
deoxy-2'-fluoro-i3-D-afBbinofuranosyl)-2- 
acetaamido-6-chloropurine (600 mg, 1.22 mmol), 2- 
mercaptoethanol (0.6 mi) and 0.375 M sodium 
methoxide in methanol (16 mi) is gently refluxed for 
15 liours. The mixture is cooled to 0®C and cry- 
stalline predpitates are collected by filtration, dis- 
solved in water (10 mi), neutralized with Dowex 50 - 
(H+). After removal of the resin by filtration, the 



filtrate Is concentrated in vacuo and the residue is 
recrystallized from water to give 9-(2'-deoxy-2'- 
fluoro-^-D-arabinofuranosyl)guanine (73 mg), mp 
250 - 25l*'C. 

5 Anal. Calcd for C.oH,mO«.iy2 H^: C. 40.82; 

H. 4.42; F. 6.46; N, 23.81. Found: C. 41.04; H, 4.35; 

F. 6.59; N. 23.7L 

In a similar manner, 9-(2'-deoxy-2'-fluoro-^-D- 

arabinofuranosyi)hypoxanthlne is prepared from 9- 
10 (3'-0-acetyl-5'-0-benzoyl-2'-deoxy-2'-fluoro-/3-D- 

arabinofuranosyl)-6-chloropurtne. 



EXAMPLE 8 

IS 

A mixture of 9-(2'-deoxy-2'-fluoro-/3-D-ar- 
abinofuranosyl)-6-thiopurine (140 mg, 0.49 mmol) 
and Raney niclcel (100 mg) in Water (5 mi) is 
heated at reflux for two hours and the mixture is 
20 filtered, while hot, through a Celite pad. The filtrate 
is concentrated in vacuo and the solid residue is 
recrystallized from methanol to give 9-(2'-deoxy-2'- 
f iuoro-i9-D-arabinofuranosyl)-purlne (66 mg), mp 173 
-I75*C. 

25 AnIa. Calcd for CtoHuFNiO,: C. 47.24; H. 4.33; 

F, 7.48; N. 22.05. Found: C, 47.22; H, 4.33; F, 7.68; 
N, 22.05. 

By following the same procedure but using the 
corresponding k6-thiopurine nucleosides, the fol- 
30 lowing compunds are also prepared: 

9-(2'-deoxy-2'-fiuoro-i8-D-arabinofuranosyl)-2- 
aminopurine. 

as 9-(2'-deQxy-2S-fluoro-iS-D-arabinofuranosyl)-2- 
methoxypurfne. 



BIOLOGICAL ACTIVITIES 

40 

Compounds of the invention show antitumor 
and antitripanosomal activities. Table I lists an- 
titumor activity of representative nucleosides. 9-(2'* 
deoxy-2'-fluoro-i9*D-arabinofuranosyt)guanine and 
45 9-(2'-deoxy-2'-fluoro-^-D-arabinofuranosyl)-6- 

thioguanine exhibit potent infubttory activity against 
human tumor cell fines. Namalva and CGRF-CEM, 
although thar activity against mouse leulcemtc cells 
L-1210 and P 815 is nrtodest 

50 

Table 1 

Cytotoxicity of 9-(2'-Deoxy-2'-fluoro-^-D-ar- 
55 al3inofuranosyl]purines. 
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a Mouse leukemia cells 

b Human cells 
9-(2'-Dooxy-2'-fluoro-^-D-arabinofuranosyl)- 
hypoxanthine inhibits the growth of Leishmania 
tropica promastigotes by 50 % at the concentration 
of 0.6 uM. while it does not exhibit any cytotoxicity 
against L-1210 cells at the concentration of 100 ixM. 
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Claims 

I. Purine nucleosides having the formula 




0 



wherein 

X and Y are the same or different and are hy- 
drogen, halogen, 

OR'. SR', NRW or NHacyl where R' and R* are 
the same or different and are hydrogen, tower alky! 
of I to 7 carbon atoms, aralkyt. or acyi 

NHacyl is alkanoyi or aroyl amide; 

R^ and R' are the same or different and are hy- 
drogen, acyt or aroyl. 
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2. Nucleosides of Claim I selected from the 
group of. 9-<3'-0-acetyl-5'-Obenzoy»-2'-deoxy-2'- 
fluoro-js-D-arabinofuranosy l>-6-benzami dopu rine 

9-(3'-0-acetyl*5'-0-ben2oyl-2'-deoxy-2'-fluoro-^-D- 
arabinofuranosyl>-6-acetamidopurlne 

9-(3'-Oacetyl-5'-C)-ben2oyl-2'-deoxy-2'-fluoro-^-D- 
arabinofuranosyl)-6-acetamkio-2-chbropurine 

9-(3'-0-acetyl-5'-0-ben2oyl-2'-deoxy-2'-fluore>-^-D- 
arabinofuranosyl)-6-benzamidD-2-chloropurine 

9-(3'-0-acetyl-5'-0-benzoyl-2'-deoxy-2'-fluoro-/5-D- 
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arabinofuranosyf)-6-acetamido-2-bromopurine 

9-(3'-0-ac8tyl-5'-0-ben2oyl-2'-d©oxy-2'-fluoro-i3-D- 
arabinofurano5yl)-6-benzamtdo-2-bromopurine. 

3. Nucleosides of Claim 1 selected from the 
group of: 

9-(3'-0-acetyl-5'rO-benzoyl-2'-deo)cy-2'-f!uoro-^-D- 
arabinofuranosyl)*2-acetamidopurine 

9-(3'-0-acetyl-5'-0-benzoyl-2'-deoxy-2'-fluoro-i3-l> 
arabinofuranosyl)-2-acetamido-6-chloropurine 

9-3'-0-acetyl-5'-0-benzoy!-2'-deoxy-2'-fluoro-/8-D- 
arabrnofuranpsyl)-2-acetamldo-6-bromopurine 

9-<3'-0-acetyl-5'-0-ben2oyl-2'-deoxy-2'-fluoro-/3-D- 
arabmofuranosyl)-2-acetamldo-6-thiopurine 

9-(3'-0-acetyl-5'-C)-benzoyl-2'-deoxy-2'-fluoro-/8-D- 
arabinofuranosyl}-2-benzamidopurine 

9-(3'-0-acetyl-5'-0-benzoyh2'-deQxy-2'-fiuoro-/S-D- 
arabinofuranosyt)*2-benzamido-6-chloropurine 

9-(3'-0-acetyl-5'-0-bonzoyl-2'-deoxy-2'-fluoro-^-D- 
arabinofuranosyl)-2-ben2amido-6-thiopurine 

9-(3'-0-acetyl-5'0-ben2oyJ-2'-deoxy-2'-fluoro-^-l> 
arabtnofuranosyl)-6-chloropurine 

9-3'-Oacetyl-5'-0-ben2oyl-2'-deoxy-2'-fluoro-/3-D- 
arabfnofuranosyl)-6-bromopurine 

9-(3'-0-acetyl-5'-0-ben2oy«-2'-deoxy-2'-fluoro-^-D- 
arabinofuranosyl)-2-methoxy-6-thiopurin8. 

4. Nucleo^des of Claim I selected from the 
group of: 

9-(2'-deoxy-2'-fluoro-i9-D-arabinofuranosyl)-2- 
amino-6-thiopurine 

9-(2'-deoxy-2'-fluoro-/J-D-arabiiKrfuranosyl)-2.6- 
diamimopurine 

9-(2'-deoxy-2'-fiuoro-^-i>arablnofuFanosyI)-2- 
aminopurine 



9-(2'-deoxy-2'-fluoro-iS-D-arabinofuranosyl)guanine 

9-(2'-deoxy-2'-fluoro-iS-D-arabinofuranosyl)-6- 

thiopurine 

5 9-(2'-deoxy-2'-fluoro-i8-D-arabinofuranosyl)-6- 
methoxypurine 

9-(2'-deoxy-2'-fluoro-^-D-arabinofuranosyl)-2- 
methoxy-6-thiopurine. 
to 5. Nucleosides of Claim 1 selected from the 
group of: 

9-(2'-deoxy-2'-fluoro-i9-[>arabinofuranosyl)- 
hypoxanthine 

15 

9-(2'-deoxy-2'-fluoro-)3-D-arabinofuranosyl)-2- 
chloro-hypoxanthine 

9-(2'-deoxy-2'-fluoro-/3-D-arablnofuranosyl)-2- 
20 methoxy-hypoxanthine 

9-(2'-deoxy-2'-fluoro-/8-0-arablnofuranosyl)-2- 
methylthio-hypoxanthine. 

6. Nucleosides of Claim I selected from the 
25 group of: 

9-(2'-deoxy-2'-fluoro-/8-D-arabinofuranosyl)-2- 
amino-6-methytthiopurine 

30 9-{2'-deoxy-2'-fluoro-i3-D-arabinofuranosyl)-6- 
methyRhiopurine 

9-(2'-deoxy-2'-fluoro-^-D-arabinofuranosyl)-2- 
methoxypurine 

35 

9-{2'-deoxy-2'^fluoro-^-l>arabinofuranosyl)purine 9- 

(2'-deoxy-2'-fluoro-^-D-arabinofuranosyI)-2- 

aminopurine 

40 . 9-(2'-deoxy-2'-fluoro-)3-D-arabinofuranosyl)-2- 
methoxy purine. 

7. Phamnaceutical composition comprising a 
nucleoside of the fonmula defined in Claim I or 
phanmaceutically acceptable acid addition salts 

45 thereof together with a phanmaceutically acceptable 
carrier. 
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